Abstract: An unusual sterile, asexually reproducing crustose lichen was encountered during fieldwork in the Yukon Territory of Canada. Genus and family level placement of the taxon were precluded by a lack of both sexual characters and any non-sexual characters that would have suggested an unambiguous generic affiliation. Examination of mtSSU and nrITS sequence data of the taxon revealed it to be a member of the Caliciaceae, with a sister relationship to the genus Tholurna. Subsequent molecular phylogenetic analyses of mtSSU sequence data suggested conspecificity with Thelomma ocellatum, one of the few calicioid lichens that reproduce asexually via lichenized diaspores. Comparison of the material from the Yukon with reference specimens and descriptions of T. ocellatum confirmed the identification of these populations, which extend the known distribution of T. ocellatum considerably northward in North America.
Introduction:
During recent fieldwork to study the genus Lepraria s.l. in the Yukon Territory the author collected material of an unusual sterile crustose lichen growing on old, dry, weathered logs at two localities. The lichen resembled an overgrown form of Buellia griseovirens (Turner & Borrer ex Sm.) Almb. because of its white thallus with what appeared to be dark brownishblack soredia. Study of the specimens upon return to The New York Botanical Garden revealed they were morphologically and chemically discordant with B. griseovirens: in addition to the morphological differences noted in the field the material was found to lack both atranorin and norstictic acid, two substances considered diagnostic for B. griseovirens (Elix & Tønsberg 1999 , Nordin 2000 , Tønsberg 1992 ). Thus, despite the distinctive appearance of the material, the author was faced with two specimens that lacked any observable characters that would unequivocally allow them to be placed in a known genus or family of lichen forming fungi.
Normally the fate of such material would have been to be filed away with other undetermined problem specimens as a "known unknown" (cf. Spribille et al. 2010) . However, the author had recently completed two studies aimed at using molecular phylogenetic analyses to place otherwise unassignable sterile crustose lichens into a higher level taxonomic framework . In the hope that similar protocols could be used to elucidate the identity of the specimens from the Yukon, nrITS and mtSSU sequences were generated for both specimens and analyzed. The results of these analyses, together with additional morphological investigations, are presented here.
Materials and Methods:
Microscopy and chemistry. This study is based on material collected by the author and deposited in the herbarium of The New York Botanical Garden (NY). Reference material of Thelomma ocellatum from that institution was also consulted (see Appendix 2). All specimens were studied following Allen et al. (2012) with both light and scanning electron microscopy techniques as well as illustration preparation following the methods of those authors. Thin Layer Chromatography (TLC) was performed in Solvent C following Culberson and Kristinsson (1970) .
DNA extraction, PCR amplification, and sequencing. DNA extraction, PCR amplification, sequencing, and sequence assembly follow the methods of Hodkinson and Lendemer (2012) for both the mtSSU and nrITS regions.
Taxon sampling and phylogenetic methods. The protocol for assessing the phylogenetic placement of the taxon in question largely followed that outlined by Hodkinson and Lendemer (2012) . That protocol was developed specifically to elucidate the higher level placement and affinities of sterile crustose lichens that cannot be placed in a higher level phylogenetic context using only non-molecular characters. Based on the results of the BLASTn searches of both mtSSU and nrITS sequences detailed above, the taxon was found to have affinities to the Buellioideae lineage of the Caliciaceae in the order Caliciales (Gaya et al. 2012) .
The mtSSU gene was used to assess the higher level affinities of the taxon and a dataset of representative mtSSU sequences of members of the lineages within the orders Caliciales and Teloschistales (sensu Gaya et al. 2012) was assembled as follows. First, the full multi-gene dataset of the Lecanoromycetes from Miadlikowska et al. (2006) was downloaded. Using Mesquite 2.74 the dataset was reduced to 1) contain only data from the mtSSU region, 2) only representatives of the Caliciales and Teloschistales, and 3) only representatives of these orders with mtSSU sequence data. The following sequences were then added to the pruned dataset: 1) the two mtSSU sequences generated for this study and 2) any of the top twenty sequences obtained by BLASTn searches of the newly generated mtSSU sequences that represented taxa not already present in the dataset. The multiple sequence alignment tool available in Mesquite was then used to align the newly added sequences to those already present in the dataset. Subsequent to the automated alignment, the alignment was adjusted by hand and ambiguously aligned regions were defined as an exclusion set following Lendemer and Hodkinson (2010) .
An initial maximum likelihood (ML) analysis was then conducted on the dataset to assess whether there was support for placement of the taxon in question in the Buellioideae lineage of the Caliciales as was suggested by the BLASTn searches. The input file for this analysis was produced by manually deleting the ambiguously aligned regions from the alignment and then exporting the alignment from Mesquite as a PHYLLIP file. A rapid ML search and bootstrap analysis with 500 replicates, using model GTRGAMMA was conducted. The results (see Appendix 1) recovered the sequences of the taxon in question as both sister to Tholurna dissimilis, and a member of the Caliciales with strong bootstrap support (ML-BP 96 and 100 respectively).
Based on the results of the analysis described above, the dataset was further pruned to contain only members of the Caliciales. The alignment and ambiguously aligned regions were then redefined to reflect the revised dataset. The dataset was then prepared for maximum parsimony (MP), ML, and Bayesian Inference (BI) analyses. The input files for all analyses conducted for this study have been deposited in the Dryad Data Repository as DOIL doi:10.5061/dryad.6mp50.
MP analyses were conducted using PAUP* 4.0b10 on a version of the dataset with ambiguously aligned regions and constant sites excluded. The former were not included as recoded characters. An initial search was made with 1000 random-addition-sequence (RAS) replicates and tree bisection reconnection (TBR) branch swapping. The MULTREES option was in effect and zero-length branches were collapsed. All equally most parsimonious trees were saved with branch lengths, and a strict consensus tree was computed for reference. In this analysis the best tree island was hit in 96% of the replicates, and 14 equally most parsimonious trees were recovered. Branch support for MP trees was estimated through bootstrap analyses (Felsentein 1985) by performing 1000 bootstrap replicates with five RAS per bootstrap replicate, with all other settings as above. The results of these analyses were visualized in PAUP and the trees exported as PICT files.
ML analyses were run using RaxML 7.2.6 on a version of the dataset wherein ambiguously aligned regions had been manually deleted using Mesquite and the alignment then exported as a PHYLLIP formatted file. A rapid ML search and bootstrap analysis with 500 replicates, using model GTRGAMMA was conducted. The results were visualized in FigTree 1.3.1.
For BI analyses MrModeltest (Nylander 2004) was used to select a proper model of nucleotide substitution. Using the Akaike Information Criterion (AIC; Akaike 1973), HKY+I+G was selected. BI was performed using MrBayes 3.1.2 (Huelsenbeck & Ronquest 2001 ) and a NEXUS formatted version of the alignment. A MrBayes block was produced through the online automated from found at the Santos Lab website (http://131.204.120.103/srsantos/mrbayes_form /index.html). The model parameters produced by MrModeltest were pasted directly into the MrBayes block. The Markov chain Monte Carlo parameters consisted of 10,000,000 generations, with four chains, and a tree sampled every 100 generations. The first 10,000 trees were discarded as burn-in and the results were summarized as a 50% majority rule consensus tree.
Results:
The results of the molecular phylogenetic analyses of mtSSU sequence data of members of the Caliciales are presented in figure 1. These analyses recovered the sequences generated from the unknown taxon collected in the Yukon Territory as members of a strongly supported (MP/ML/BI: 100/100/1.0) clade together with the one reference sequence of Thelomma ocellatum available in GenBank. Thelomma ocellatum is one of the few calicioid fungi that reproduce via lichenized diaspores (Tibell 1976) and is characterized by its bullate areolate gray thallus that does not react with spot tests and produces abundant lichenized diaspores in the form of short globose isidia and coarse, dark brown-black soredia (Tibell 1976 ; see figures 2-3 herein). Although apothecia were not observed in the populations from the Yukon, the thalli in these populations match the published descriptions and comparative material (see Appendix 2) of T. ocellatum in all respects. As such the populations from the Yukon are considered to belong to T. ocellatum and the clade containing these sequences is hereafter referred to using this name.
Assignment of the Yukon material to Thelomma ocellatum represents a significant range extension for the taxon in North America (figure 4). Until now the species has generally been thought to occur in the mountains of western North America only from southern California, north to British Columbia (McCune & Rosentreter 1995) . Recently, Schiefelbein (2011) summarized the worldwide distribution of T. ocellatum and included several reports from northern North America based on the distribution map published by Thomson (1997) (U. Schiefelbein pers. comm.). Since these records were not included in the distribution mapped by McCune and Rosentreter (1995) it was necessary to borrow the relevant vouchers from WIS to confirm their identification. Examination of these specimens (see Appendix 3) revealed that they represented Cyphelium inquinans (Sm.) Trevis., a very different calicioid lichen that lacks soralia. It is interesting to note that the sequences of Thelomma ocellatum were recovered with moderate to strong support (MP/ML/BI: 81/85/1.0) as members of a clade containing two other rare calicioid members of the Caliciaceae that occur in western North America, namely Texosporium sancti-jacobi (Tuck.) Nádv. and Tholurna dissimilis (Norman) Norman.
Discussion: Despite a significant increase in study in recent years, many crustose lichens that are typically sterile and reproduce via lichenized diaspores remain poorly understood, inadequately studied, or undescribed (Kantvilas & Lumbsch 2010; . As has been summarized by Hodkinson and Lendemer (2012) these problems are due in large part to two factors: the widespread perception that sterile crustose lichens are difficult to identify and the fact that in the absence of sexual fruiting bodies it can be difficult or impossible to place a specimen or hypothetical taxon in a higher level taxonomic framework based only on secondary non-sexual characters. In the context of the present study it would have been impossible to identify the material from the Yukon as Thelomma ocellatum based on nonsexual characters alone unless one was already familiar with the existence, and more importantly, the gestalt of the taxon. Indeed, the combination of characters present in the Yukon material (e.g., lack of secondary chemistry, gray bullate thallus, dark isidia or soredia, nonmicareoid coccoid photobiont) would hardly allow placement in a single genus, family, or order.
Paradoxically the same suite of characters results in a distinctive morphological and ecological gestalt that is instantly recognizable in the field. It is true that in hindsight the species-level identification of this material as Thelomma ocellatum would have been possible using nonmolecular characters and certain specific keys for nearby geographic regions (e.g., McCune (2012); though not Nash (2007) where it is keyed as being isidiate and having norstictic acid). However, considering the geographic separation between the Yukon populations and those previously reported by McCune and Rosentreter (1995) the identification would have been tentative in the absence of fertile material. This is particularly true because of the similarity between the thallus of T. ocellatum and some ligniciolous species of Caloplaca described from the Great Plains and arid western interior of North America (e.g., Wetmore 2009).
In the present case the role of mtSSU sequence data were analyzed to inform a higher level placement for the material such that the existing taxonomic literature could be consulted in search of a species identification or affiliation. It is surprising that relatively few published studies have explicitly attempted to use molecular data to elucidate the phylogenetic affinities, and ultimately the identifications, of otherwise unassignable sterile crustose lichens. That this is the case is all the more remarkable because nearly all such studies have met with a high degree of success (e.g., , Lendemer & Lumbsch 2008 , Nelsen et al. 2012 , Vondrák et al. 2010 , although this is not universal (Kantvilas & Lumbsch 2010) . Some may consider this study a minor note, reporting range extension for Thelomma ocellatum in North America. Echoing Vondrák et al. (2010) however, it is nonetheless a timely and much needed one that reiterates the remarkable potential for molecular data, used in tandem with reciprocal studies of chemical, ecological, and morphological data, to reshape the study of asexually reproducing crustose lichens. In addition, it is important in terms of allowing effective phylogenetic placement and taxonomic description, as well as facilitating the biogeographic documentation of an understudied component of many lichen biotas worldwide.
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